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FLOW CELL 



The invention relates to a flow cell according to the preamble of the independent 
patent claim and to a sensor apparatus and an optical detection device containing '. 
such a flow cell. The invention relates also to a method of carrying out analytical 
measurements on flowable samples and to a method of carrying out optical analytical 
measurements on flowable samples according to the preambles of the respective 
independent patent claims. 

Flow cells are used nowadays in a large number of analytical measuring systems. 
Typically, the sample to be investigated passes through an inlet opening into a flow 
channel contained in the flow cell, flows through the flow channel and leaves the flow 
cell through an outlet opening. For example, in the flow channel the sample can be 
subjected to electromagnetic radiation, and the light that is absorbed, transmitted or 
reflected, or emitted by luminescence excitation, can be analysed by a photoelectric 
detector, which enables information relating to the composition of the sample and to 
its physical or chemical properties to be obtained. In another type of measurement, 
the flow cell is integrated into a sensor apparatus. Typically, one of the boundary 
surfaces of the flow channel comprises a detection layer in which selectively sensitive 
recognition elements for analytes that are to be detected are immobilised. When the 
sample containing the analyte flows through the flow channel, the analyte interacts 
with the recognition element, thus producing physical or chemical changes in the 
detection layer or in its immediate vicinity that can be detected by a detector. Those 
changes may be, for example, of an electrochemical, calorimetric or optical nature. 
Using electrochemical sensors, for example, it is possible to detect changes in the pH 
value of the detection layer or to detect electrons released therefrom. Using 
calorimetric sensors, temperature variations brought about by the analyte/recognition 
element interaction are detected. In the case of optical sensors, a known method is, 
for example, to label the analyte to be detected in the sample or the recognition 
element sensitive thereto in the detection layer using a luminescent dye and to record 
as a measured variable the luminescence radiation or the change in the luminescence 
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radiation of the detection layer resulting from the contact between the analyte and the 
recognition element. 

Chemical or biochemical sensor apparatuses containing such sensors are used 
nowadays in affinity sensing and especially in the context of immunoassays. As (bio)- 
chemical recognition elements, affinity partners for the analyte to be detected are 
immobilised in the detection layer; those affinity partners bind the analyte to them- 
selves, for example by means of an antigen/antibody reaction. Efforts are being made 
in the field of analysis further to miniaturise such sensor apparatuses, that is to say to 
carry out the measurements on very small volumes of sample, and at the same time 
further to increase the sensitivity of such sensor apparatuses. In such cases it is 
desirable for the individual components to be easy to manufacture and, preferably, to 
be capable of integration in a modular form into relatively complex systems. 

The method of evanescent luminescence excitation is known from the prior art, 
especially in the case of optical sensor apparatuses. In that method, an excitation light 
is coupled into an optical waveguide surrounded by media of lower refractive index 
The excitation light is confined in the optical waveguide by total reflection. In the case 
of total reflection, a fraction of the excitation light enters the medium of lower 
refractive index and produces in that medium, in the immediate vicinity of the optical 
waveguide, the so-called evanescent field. That evanescent field can be used to 
excite luminescence in the sample. In practice, sensor apparatuses for measuring 

evanescently excited luminescence are constructed in such a manner that the 
recognition elements are immobilised on the optical waveguide and the sample is 
passed over the optical waveguide, for example by means of a flow cell. With a view 
to the miniaturisation and the modular construction, it is very advantageous in the 
case of such optical sensor apparatuses for the optical waveguide to be in the form of 
a planar optical waveguide. The optical waveguide can then function as an integral 
component of the flow cell, for example as a cover plate for the flow channel. In 
addition, planar optical waveguides, as opposed to those based on fibre optics, have 
the advantage that they are significantly easier to manufacture and are thus more 
suitable for economic mass production. In addition, owing to the planar structure, the 
manufacture, handling and cleaning of planar optical waveguides are technically 
considerably less difficult than is the case with the curved surfaces of optical fibres. 
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An optical sensor apparatus of that type thus typically comprises a flow cell in which 
one boundary surface of the flow channel is formed by a planar optical waveguide 
that has a detection layer on the flow-channel side and is applied as a thin layer to a 
transparent substrate. Frequently, the excitation light is coupled into the optical 
waveguide by means of a grating contained in the optical waveguide, is confined by 
the latter and thus excites luminescence in the detection layer via the evanescent 
field. The sample flows through the flow channel, over the detection layer, where the 
analyte is bound by its affinity partner, over the coupling-in grating, through the outlet 
opening and out of the flow cell. The coupling of the excitation light into the planar 
optical waveguide is generally not totally efficient; typically, a portion of the excitation 
light that irradiates the coupling-in grating is refracted into the flow cell and another 
portion is coupled into the optical waveguide. 

In the case of such optical sensor apparatuses containing planar optical waveguides 
having a coupling-in grating, serious problems result from the fact that the sample 
comes into contact with the coupling-in grating. One such problem is that the portion 
of the excitation light that is not coupled into the optical waveguide but is refracted 
into the flow cell excites to luminescence those portions of the analyte that are not 
bound to the detection layer. That can result in an undesired background signal which 
is virtually indistinguishable from the evanescently excited luminescence of the 
detection layer. In addition, there is the disadvantageous possibility that the 
luminescence light not excited in the evanescent field will be coupled into the optical 
waveguide via the coupling-in grating. Another problem is that the contact between 
the coupling-in grating and the sample has the adverse effect that the refractive index 
in the region of the coupling-in grating may vary, for example as a result of changes in 
the composition of the sample. The effective refractive index of the coupling-in grating 
can also change as a result of particles, for example molecules, contained in the 
sample being deposited on the grating. That, however, is associated with a change in 
the angle through which the excitation light is diffracted into the optical waveguide and 
as a consequence the light intensity coupled into the optical waveguide also varies. 
Therefore the strength of the evanescent field is also no longer constant, and the 
measurement is falsified as a result. Those effects thus reduce the accuracy of the 
measurements, since changes in the strength of the luminescence that are detected 
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cannot be attributed exclusively to the interaction between the analyte and the 
immobilised recognition elements in the detection layer. To achieve a marked 
increase in the sensitivity and the accuracy of . such optical sensor apparatuses it is 
therefore desirable to keep the sample away from the coupling-in grating and to keep 
the optical conditions over the coupling-in grating constant without adversely affecting 
the light-guiding properties of the optical waveguide and especially the strength of the 
evanescent field. Such an adverse effect on the light guiding can arise, for example, 
from the use of sealing material or structural partitions having a refractive index higher 
than that of the sample which are in contact with the surface of the optical waveguide 
downstream of the coupling-in grating in the direction of propagation. A sudden jump 
in the refractive index can lead to total suppression of further waveguiding 
downstream of the site of the jump. 

A description is given hereinbefore, by way of example, of other, i.e. non-optical, 
sensor apparatuses comprising a flow cell and a.detection layer. In such sensor 
apparatuses it is likewise often a disadvantage for the sample to be in contact with the 
whole flow channel. For example, it is then not possible for a portion of the detection 
layer to be used to generate a reference signal with the aid of which changes in the 
detected signal caused by interaction between the recognition element and the 
analyte can be separated from undesired perturbing effects. 

It is therefore an object of the invention to make available a flow cell that is suitable for 
use in sensor apparatuses for analytical measurements on flowable samples and that 
does not have the mentioned disadvantages. In particular, t he flow cell should be so 
constructed that the sample can be kept a way_fro^e rtain reqions^o Hheflow channel 
w ithout the need for structural partitions that d ivide the flow channel into a plurality of 
^chamhers. The flow cell should be easy to manufacture and suitable for economic 
mass production, and should also be capable of integration into relatively complex 
measurement systems of modular construction. The flow cell should also be capable 
of miniaturisation and should have as little dead volume as possible. It is also an 
object of the invention to provide an optical detection device into which such a flow 
cell has been integrated. In particular, an optical detection device having a planar 
optical waveguide for evanescent luminescence excitation should be improved so that 
the sample does not come into contact with the coupling-in grating and at the same 
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time the propagation of light in the optical waveguide, especially its evanescent field, 
is not adversely affected. A further object of the invention is to propose methods of 
carrying out analytical and, especially, optically analytical measurements on flowable 
samples in which the sample is kept away from regions of the flow channel without the 
need for structural partitions in the flow channel. 

Those objects are achieved according to the invention in terms of apparatus and of 
process technology by the features of the respective independent patent claims. The 
means for producing the sample-free blocked volume in the flow channel of the flow 
cell according to the invention comprise, for example, a further inlet opening for 
feeding in a reference fluid. That inlet opening is so positioned that the reference fluid 
flows counter to the sample in the flow cell. The sample and the reference fluid are 
thus introduced at different places in the flow channel, flow towards one anothe r. 
meet in the region of the outlet opening and leave the flow channel together 

A surprising finding is that, under certain conditions that will be explained hereinafter, 
the sample and the reference fluid^don ot mix with one juiother in th e flow channel. As 
a result, it is possible to keep the sample away from a region of the flow channe l 
simply by means of the counter-flowing referencefl uid. That sample-free region 
occupied by the flowing reference fluid is referred to as the blocked volume. The flow 
cell according to the invention thus has the advantage that no structural partitions in 
the flow cell are needed in order to produce the sample-free blocked volume. 

Since the flow cell according to the invention has been kept very simple from the point 
of view of its structure, it can be produced with very little technical effort and is 
therefore especially suitable for economic mass production. The flow cell can be 
made, for example, from plastics, for example plexiglass, glass or silicon. The recess 
for the flow channel can, for example, be milled and the inlet openings and the outlet 
opening can, for example, be drilled. Also suitable for the production of the flow cell, 
depending on the material, are electroforming, LIGA processes, lithographic and 
photolithographic processes, injection-moulding processes and other micro machining 
processes, such as those used, for example, in microelectronics for structuring semi- 
conductor materials. Owing to its simple structure, the flow cell according to the 
invention can also be miniaturised without difficulty. The flow cell can have a very 
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wide variety of outer forms, for example it may be cuboid or cylindrical, with the result 
that the flow cell according to the invention is very flexible as regards its range of 
uses, and in particular can be integrated in a simple manner into relatively complex 
measurement systems that are preferably of modular construction. 

The flow cell according to the invention is suitable, for example, for an optical 
detection device for analytical measurements on flowable samples. That detection 
device according to the invention preferably uses evanescent luminescence 
excitation. In addition to a flow cell according to the invention, it comprises a light 
source for emitting an excitation light and a photoelectric detector that detects light to 
bemeasured coming from the flow cell. Also provided is a source for the reference 
fluid that can be connected to the inlet opening for the reference fluid. The flow cell 
preferably comprises a base member one boundary of which has a recess that forms 
the flow channel, and a cover plate that can be connected to the base member in 
such a manner that it covers the flow channel. The cover plate comprises a 
transparent substrate to which a planar optical waveguide has been applied. That 
optical waveguide has on its surface remote from the substrate a detection layer in 
which selectively sensitive recognition Blomontc for analytos-cop lained in the sample 
^eJm^nobjnsed^The cover plate also has a coupling-in grating that couples the 
excitation light into the planar optical waveguide. The cover plate is connected to the 
base member of the flow cell in such a manner that the sample in the flow channel is 
able to come into contact with the detection laver . In that optical detection device 
according to the invention, the coupling-in grating is so positioned in the cover plate 
that it is located in the region of the sample-free blocked volume of the flow channel. 
As a result, only the reference fluid, and not the sample, flows over the coupling-in 
grating. 

That has the advantage that the optical conditions in the vicinity of the coupling-in 
grating are constant. In particular, a situation is avoided in which particles contained in 
the sample become deposited on the coupling-in grating and thus alter the effective 
refractive index of the grating. In addition, variations over time in the refractive index in 
the region of the coupling-in grating are in practice avoided. As a result, the coupled- 
in light intensity also varies to an appreciably lesser extent, which leads to a 
considerable improvement in the constancy of the strength of the evanescent field 
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and hence to an increase in measurement accuracy. K eeping the sample aw ay from 
tl 25Lg9i*P lio §- i "-9ra^ that undesired background signa lsand 

a ny coupling thereof into the optical waveguide via the cou pling-in grating are 
considerably reduced . Since the sample cannot enter the region of the coupling-in 
grating, the non-evanescent luminescence excitation of the unbound analyte by the 
portion of the excitation light refracted into the flow cell is markedly reduced. That also 
results in greater accuracy and in an increase in the sensitivity of the measuring. Also 
especially advantageous is the fact that structural partitions in the flow channel that 
would come into contact with the detection layer and/or the optical waveguide are not 
needed in order to produce the sample-free blocked volume. Troublesome influences 
on the propagation of light in the optical waveguide and, especially, on its evanescent 
field are avoided as a result. 

The flow cell according to the invention is, however, also suitable for other, non^optical 
sensor apparatuses. Such sensor apparatuses comprise, in addition to the flow cell, a 
detection layer w ith which the sample in the flow chann el can come into contact. T he 
detection layer contains selectively sensitive recognition elements for an analyte. 
When the analyte binds to the recognition element, physical or chemical properties of 
the detection layer change and those changes can be detected using a detector. 
According to the invention, the detection layer is arranged in the flow channel in such 
a manner that a por tion of it is located in the sample-free blo cked volume. That has 
the advantage that a portion of the detection layer, namely the portion in the sample- 
free blocked volume, can be used to generate a reference signal without the need for 
structural partitions in the flow channel. 

In the method according to the invention for carrying out analytical measurements on 
flowable samples, the sample and the reference fluid are introduced into the flow 
channel in such a manner that they flow towards one another. Since, according to the 
invention, the sample and the reference fluid do not mix, a sample-free blocked 
volume is produced in the flow channel by means of the reference fluid, without 
structural partitions being provided in the flow channel. Using that method it is 
possible, for example, for the sample to be kept away from a portion of the detection 
layer, even though the whole of the detection layer is in the flow channel. That has the 
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advantage that the sample-free portion of the detection layer can be used to generate 
a reference signal. 

The method according to the invention for carrying out optical analytical 
measurements is suitable, for example, especially for exciting luminescence in the 
evanescent field of a planar optical waveguide and for detecting that luminescence. In 
that method the excitation light is, for example, coupled into the optical waveguide by 
way of a coupling-in grating. In that method, the optical waveguide and the coupling-in 
grating are preferably contained in the flow cell. The samp lers broug ht into contact in 1 
thejlowdia ^ with the optical waveguide, or with recogn ition elements immobilised 
thereon^According to the invention, in that method the excitation light is coupled into 
the optical waveguide in the region of the sample-free blocked volume. As a result, 
contact between the sample and the coupling-in grating is avoided. That has the 
advantages that the optical conditions in the region of the coupling-in grating are 
constant and that non-evanescent luminescence excitation in the sample is in practice 
avoided. Since, in addition, there are no structural partitions in the flow channel in 
contact with the optical waveguide, the adverse effect on the propagation of light in 
the optical waveguide and especially on the evanescent field is counteracted. 

Other advantageous measures and embodiments to which the invention relates are to 
be found in the dependent patent claims. The invention is explained in detail below, 
both in terms of process technology and in terms of apparatus, with reference to the 
drawings. In the diagrammatic drawings, which are not to scale: 

Fig. 1 is a perspective sectional view of a first embodiment of the flow cell 
according to the invention, 

Fig. 2 is a plan view of the base member of the first embodiment of the flow cell 
according to the invention, 

Fig. 3 is a plan view of the base member of a development of the first embodiment 
of the flow cell according to the invention, 
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Fig. 4 is a section through the base member along the mouth of the discharge 
channel, corresponding to the line of section IV-IV in Fig. 3, 

Fig. 5 is a section, analogous to Fig. 4, but for a variant of the mouth of the 
discharge channel, 

Fig. 6 is a section through a variant of the first embodiment of the flow cell 
according to the invention with the essential components, 

Fig. 7 is a perspective cross-section through a second embodiment of the flow cell 
according to the invention (without supply and discharge channels), 

Fig. 8 is a perspective sectional view of a further variant of the first embodiment 
(without the cover plate), 

Fig. 9 is a plan view of the base member of the variant shown in Fig. 8, 

Fig. 10 is a section through a further variant of the first embodiment of the flow cell 
according to the invention with the essential components, 

Fig. 11 is a section through an embodiment of the sensor apparatus according to 
the invention, 

Fig. 12 is a perspective sectional view of an embodiment of the optical detection 
device according to the invention, and 

Fig. 13 is a perspective cross-section through a further embodiment of the flow cell 
according to the invention (without supply and discharge channels). 

A flow cell 1 according to the invention typically has in its interior a flow channel 2 for 
a flowable sample, an inlet opening 3 for the sample and an outlet opening 4. The 
expression "flowable sample" is used in the sense that it includes gases and gaseous 
samples. According to the invention, means for producing a sample-free blocked 
volume in the flow channel 2 are provided in the flow cell 1 . That means that in the 



WO 97/01087 



PCT/EP96/02519 



10- 



flow channel 2 of the flow cell 1 according to the invention there is at least one region 
which the sample cannot enter, that region that is inaccessible to the sample is 
referred to as the blocked volume. The means for producing the sample-free blocked 
volume in the flow channel 2 especially preferably comprise a further inlet opening 5 
(Fig. 1) for feeding in a reference fluid. That inlet opening, referred to hereinafter as 
the second inlet opening 5, is so positioned that the reference fluid flows counter to 
the sample in the flow channel 2. The sample and the reference fluid are introduced 
into the flow channel 2 at different places, flow towards one another in the flow 
channel, meet in the region of the outlet opening 4 and leave the flow channel 2 
together but substantially unmixed. 

Fig. 1 is a perspective sectional view of a first embodiment of the flow cell according 
to the invention which, as a whole, has been given the reference numeral 1 . In that 
first embodiment, the flow cell 1 comprises a cover plate 7 and a base member 6, 
which is cuboid in form. One boundary surface of the base member 6 has a recess 
that forms the flow channel 2 for the flowable sample. The base member 6 is 
additionally provided with the inlet opening 3 for the sample - which is referred to 
hereinafter as the first inlet opening 3 - and with the second inlet opening 5 for the 
reference fluid, and with the outlet opening 4. Those three openings 3, 4, 5 are 
located in that boundary surface of the base member 6 that is opposite the boundary 
surface having the recess for the flow channel 2. From each of the inlet openings 3, 5 
and from the outlet opening 4, a supply channel 31, 51 and a discharge channel 41, 
respectively, extend through the base member 6 to a mouth.32, 52, 42 into the flow 
channel 2. The mouths 32, 52, 42 are arranged in such a manner that the mouth 42 of 
the discharge channel is located between the mouths 32, 52 of the supply channels. 
The cover plate 7 can be connected to the base member 6 in such a manner that it 
covers the flow channel 2. Sealing between the base member 6 and the cover plate 7 
can be effected, for example, by means of an O-ring 20 which is accommodated in a 
groove-like recess 21 in the cover plate 7 or in the base member 6. 

In the first embodiment of the flow celt 1 according to the invention shown in Fig. 1," 
the flow channel 2 has a substantially rectangular base 1 0 and is cuboid in shape. 
The flow channel 2 has a length L. a width B and a depth T. The mouths 32 and 52 of 
the supply channels 31 and 51 are arranged on the two shorter sides of th* rentanm* 
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of the base 10 of the flow channel 2, and the mouth 42 of the discharge channel 41 Is 
arranged at a distance D1 from the mouth 32 of the first supply channel 31 for the 
sample and at a distance D2 from the mouth 52 of the second supply channel 51 for 
the reference fluid. All three mouths 32, 52, 42 are in this case in the form of flat 
troughs extending parallel to the shorter sides of the rectangle of the base 1 0 of the 
flow channel 2 and over the entire width B of the flow channel 2. From the middle of 
their associated flat troughs, the two supply channels 31 and 51 and the discharge 
channel 41 , each of which is cylindrical in form, lead to the inlet openings 3 and 5 and 
to the outlet opening 4, respectively. To aid understanding, Fig. 2 also shows a plan 
view of the flow-channel side of the base member 6 of the first embodiment, which is 
shown in Fig. 1 . 

The base member 6 and the cover plate 7 can be made, for example, of plastics, for 
example plexiglass, glass or silicon. The requisite recesses and bores can be made 
by milling or drilling or can be produced by means of another method of working 
known perse. Depending on the material, there are suitable, for example, electro- 
forming, LIGA processes, lithographic and photolithographic processes, injection- 
moulding processes and other micro machining processes, such as those used, for 
example, in microelectronics for structuring semi-conductor materials. The sample and 
the reference fluid are fed by means of a pressure gradient, for example produced 
using a pump or a syringe, through the first inlet opening 3 and the associated supply 
channel 31 and through the second inlet opening S^a^hTassociated supply 
channel 51 , respectively, into the flow channel 2 of the flow cell 1 . The sample then 
flows from the mouth 32 through the flow channel 2 in the direction towards the mouth 
42of the discharge channeUI and the reference fluid flows from the mouth 52 
through the flow channel 2 in the direction towards the mouth 42 of the discharge 
channel 41 , thus forming a counter-flow to the sample. In the region of the mouth 42, 
the two streams of fluid meet one another and leave the flow channel 2 together 
through the discharge channel 41. According to the invention, the sample and the 
reference fluid leave the flow channel 2 unmixed, that is to say at the place where the 
sample and the reference fluid meet a sharp dividing line is formed between the two 
streams of fluid. The surprising find ing that mixing of the sample and the referenc e 
fluid in the flow cell 1 according to the invention can be avoided enables the sample- 
free blocked volume in the flow channel 2 to be produced by the counter-flowing of 
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the reference fluid alone and without the necessity for structural partitions in the flow 
channel. Since the sample and the reference fluid do not mix in the flow channel 2, 
the sample cannot enter the region of the flow channel 2 occupied by the reference 



fluid. 



Of importance for that flow cell 1 according to the invention is the fact that the 
geometric dimensions of the flow channel and the average flow rates of the sample 
and the reference fluid can be matched to one another in such a manner that both the 
sample and the reference fluid flow through the flow chan nel 2 in _alam inar manne r, 
j gwithoiitT i i rbiilenrP " is k "°wn that flow remains laminar while the Reynolds 
number, a dimensioriless parameter obtained from the density and the viscosity of the 
flowing fluid, the average flow rate and a characteristic length determined by the 
geometric dimensions and the shape of the flow channel, is smaller than 
approximately two thousand one hundred. At larger values of the Reynolds number 
the laminar flow is transformed into turbulent flow, which leads to significant mixing of 
the sample and the reference fluid in the flow channel 2. 

In the first embodiment of the flow cell 1 according to the invention having a 
substantially cuboid flow channel 2 shown in Fig. 1 , it has been found that the 
geometric dimensions and the flow rates can be jaried within a wide range without the 
flow of sample and reference fluid becoming turbulent. The flow rates can without 
difficulty be as much as 1 0 cm/s, the width B and the length L of the flow channel 2 
can be at least up to 10 cm and the depth T of the flow channel can be at least up to 
1 cm. That flow cell is thus very flexible as regards its use and can be adapted without 
difficulty to the specific requirements of a variety of applications. The flow cell 1 can 
also be miniaturised without difficulty. In the embodiment shown in Fig. 1 , it is 
possible, for example, to reduce the width B and the depth T of the flow channel 2 to 
as little as 1 m . However, those lower limits are not dictated by the counter-flow 
principle of the flow cell, but result from practical considerations. For the same 
reasons the flow channel is in practice typically at least 1 mm long. However, smaller 
dimensions are possible in principle. For practical reasons, values of from 1 0 urn to 
1 mm for the depth T. from 1 0 urn to 1 0 mm for the width B and from 3 mm to 40 mm 
for the length L are preferred. 



WO 97/01087 



PCT/EP96/02S19 



- 13- 



Especially with a view to their use in miniaturisable measuring devices, it is desirable 
that optimum use be made for measurement purposes of the volumes of sample 
located in the flow channel 2, in order to reduce the amount of sample required for the 
measurement to a minimum. For that reason the dead volume should be as small as 
possible. Such dead volumes can arise, for example, in corners when sample material 
or air collects there and becomes "stuck", i.e. does not flow any further. Such effects 
also extend the time required to fill and/or empty the flow cell and with it the 
measuring time. In addition, dead volumes can lead to undesired dispersion of the 
sample. A plan view of a preferred development of the base member 6 intended to 
minimise the dead volume is shown in Fig. 3. For reasons of greater clarity, a cross- 
section through that base member 6 corresponding to the line of section IV-IV in Rg. 3 
is shown additionally, in Rg. 4. In order to reduce the dead volume, in that 
development the geometry of the supply channels 31 a, 51 a and of the discharge 
channel 41a, and of the respective mouths 32a, 42a, 52a thereof, has been modified. 
The supply channel for the reference fluid 51 a is in the form of a cylindrical bore that 
extends from the associated inlet opening (which is not shown in Fig. 3 and Rg. 4 but 
corresponds to the inlet opening 5 in Fig. 1), through the base member 6 and into the 
base 10 of the flow channel 2. The supply channel 31a for the sample extends in the ■ 
form of a cylindrical bore from the associated inlet opening (which is not shown in Fig. 
3 and Fig. 4 but corresponds to inlet opening 3 in Fig. 1 ), through the base member 6 
and into the plane containing the base 1 0 of the flow channel 2. From the round 
opening of the supply channel 31a in that plane, the mouth 32a of the supply channel 
31 a widens substantially in the form of a funnel in the same plane until it has reached 
the width B of the flow channel 2 and then merges with the latter. The mouth 42a of 
the discharge channel 41 a into the flow channel 2 (see also Rg. 4) has three 
branches the ends of which on the flow-channel side are in the form of round 
openings. Those three openings are arranged on a line parallel to the shorter sides of 
the rectangle of the base 1 0 of the flow channel 2. The three mouth branches are so 
constructed that the two coming from the further outwardly lying openings meet at an 
oblique angle the mouth branch that continues from the central opening. Inside the 
base member 6 the ends of the three mouth branches remote from the flow channel 2 
unite to form the discharge channel 41a. The latter extends in the form of a cylindrical 
bore through the base member 6 and ends at the outlet opening 4a. 
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fig. 5 shows an especially preferred variant of the form of the discharge channel 41b 
or rather of its mouth 42b into the flow channel 2. That mouth is formed by removing ' 
the two walls dividing the three branches of the mouth 42a shown in Fig 4 The 
mouth 42b of the discharge channel 41b into the flow channel 2 of the variant shown 
.n Fig. 5 ,s consequently in the form of a slot extending parallel to the shorter sides of 
the rectangle of the base 1 0 of the flow channe. 2. The length of that slot decreases 
as the distance from the flow channe. 2 increases, until inside the base member 6 the 
slot merges with the discharge channel 41b. The latter, in the form of a cylindrical 
bore, then passes through the base member 6 and ends in the outlet opening 4b. 

With the flow cel. 1 according to the invention, it is therefore possible, by means of the 
reference fluid in the flow channel 2 flowing counter to the sample, to produce a 
sample-free blocked volume, without the need for structural partitions in the flow 
channel 2. It is especially advantageous that the size and position of the blocked 
volume are controllable. For example, in the case of the cuboid form of the flow 
channe. 2 (see Fig. 1), by altering the distances D1 and D2 between the mouth 42 of 
the d,scharge channel 41 and the mouths 32, 52 of the supply channels 31 51 the 
s.ze of the blocked volume can be varied and adapted to the requirements of a 
speafic application. The ratio of the distances D1/D2 can be from 0.01 to 100 In ' 
addition, it is possible to influence the dividing line or the dividing surface between the 
two streams of sample and reference fluid. If the sample and the reference fluid are 
flowing through the flow channel 2 at equal flow rates, a plan view of the flow channel 
-will show a sharp, straight dividing line between the two streams of fluid, which line 
runs approximately through the middle of the mouth 42 of the discharge channel 41 
If. on the other hand, the sample and the reference fluid are flowing through the flow 
channel 2 at different flow rates, then a curved, but still sharp, dividing line will 
typically be seen between the two streams of fluid. That effect can be utilised to 
produce blocked volumes having a curved boundary surface. 

Of course the flow cell according to the invention can also be used to produce a 
plurality of blocked volumes in a single flow channel. That can be effected for 
example, by providing further inlet openings and supply channels for the reference 
flu.d and further common outlet openings and discharge channels for the samn-e ^ 
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the reference fluid. For example, in an embodiment similar to the one shown in Fig. 1 , 
the reference fluid can be fed in at both ends of the flow channel and the sample can' 
be fed in between the ends, that is to say, for example, through a channel arranged at 
the place where, in Fig. 1 , the discharge channel 41 is located. A respective common 
discharge channel for the sample and the reference fluid is again provided between 
the supply channel for the sample and each of the two supply channels for the 
reference fluid. With that arrangement, two spatially separate sample-free blocked 
volumes can then be produced in one flow channel. 

A further variant of the first embodiment (Fig. 1 ) of the flow cell according to the 
invention that is suitable for the production of a plurality of sample-free blocked 
volumes in the flow channel 2 is shown in section in Fig. 6, partly symbolically. The 
line of section corresponds to that in Fig. 1 . For the sake of simplicity, only the 
components essential for understanding are shown in Fig. 6. In that variant, the base 
member 6 has on its boundary surface remote from the flow channel 2 two inlet 
openings 301 and 302 for the sample, two inlet openings 501 and 502 for the 
reference fluid, and four outlet openings 401 to 404. From each of the inlet openings 
301 and 302 for the sample a supply channel 31 0 and 31 1 , respectively, for the 
sample extends through the base member 6 and opens into the flow channel 2. From 
each of the inlet openings 501 and 502 for the reference fluid a supply channel 510 
and 51 1 , respectively, for the reference fluid extends through the base member 6 and 
opens into the flow channel 2. In addition, from each of the outlet openings 401 to 404 
a discharge channel 410 to 413 leads to the flow channel 2. The flow channel 2 again 
has a substantially rectangular base TO. At one of the two shorter sides of the 
rectangle of the base 10 the supply channel 510 for the reference fluid, and at the 
other the discharge channel 413, opens into the flow channel 2. Between those two 
channels the two supply channels 31 0 and 31 1 for the sample open into the flow 
channel 2 and between the supply channels 310 and 31 1 the second supply channel 
51 1 for the reference fluid opens into the flow channel 2. The three discharge 
channels 410 to 412 are arranged in such a manner that each of them opens into the 
flow channel 2 between one of the supply channels 310, 311 for the sample and one 
of the supply channels 510, 51 1 for the reference fluid. 
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The reference fluid is fed in through the supply channels 510 and 51 1 and the sample 
is fed in through the supply channels 31 0 and 31 1 . The flow path is shown 
symbolically by the arrows in Fig. 6. It will be evident from Fig. 6 and the explanations 
given hereinbefore that during operation of the flow cell two spatially separate sample- 
free blocked volumes are produced in the flow channel 2. One is located between the 
mouths of the supply channel 51 0 and the discharge channel 41 0 and the other 
between the mouths of the discharge channel 41 1 and the discharge channel 41 2. 
That variant of the first embodiment of the flow cell according to the invention 
additionally has the advantage that contact between the sample material fed in 
through the supply channel 31 0 and the sample material fed in through the supply 
channel 31 1 is avoided. As a result, it is possible to feed two different samples into 
the flow channel 2 without those two samples coming into contact with one another in 
the flow channel. A flow cell of that type is suitable, for example, especially for sensor 
apparatuses and detection devices with which a plurality of samples are to be 
investigated simultaneously. Of course the flow cell according to the invention can be 
extended analogously so that there are more than two sample-free blocked volumes 
in the flow channel. In addition, by means of the suitable arrangement and 
construction of the supply and discharge channels, the size, the position- and the 
shape of the individual blocked volumes can be controlled. 

It will be understood that the cuboid form of the flow channel 2 described hitherto, and 
its rectangular base 10, are given by way of example. A large number of other 
geometries for the flow channel 2 are conceivable and can be put into practice without 
departing from the scope of the invention. For example, it is also possible for the flow 
channel to have a circular base. The supply channel for the sample can in that case 
be arranged, for example, in the centre of the circle, the supply channel or channels 
for the reference fluid at the periphery of the circle and the common discharge 
channel or channels between the supply channels. The flow channel can, however, 
have other bases, such as bases that are trape 2 iform j polygonal, oval, of some other 
curved outline, or completely irregular. 

Of course, the flow cell according to the invention may have more than one flow 
channel, for example a plurality of parallel flow channels or a plurality of flow channels 
that diverge from one another in a star-shape. Fig. 7 is a greatly simplified view of a 
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perspective section through a second embodiment of the flow cell according to the 
invention. That embodiment has a plurality of flow channels 2a, 2b and 2c. For 
reasons of clarity, in Fig. 7 the inlet and outlet openings and the supply and discharge 
channels are not shown. The explanations to be found hereinbefore apply 
analogously thereto. The line of section in Fig. 7 runs transversely to the flow direction 
of the sample and of the reference fluid. The base member 6 in that second 
embodiment has the three parallel flow channels 2a, 2b and 2c. Those channels can 
be produced, for example, by one of the methods mentioned hereinbefore. In each of 
those flow channels 2a, 2b and 2c, it is possible in a manner analogous to that 
described hereinbefore for one flow channel to produce one sample-free blocked 
volume or a plurality of sample-free blocked volumes. The second embodiment shown 
in Fig. 7 is also suitable especially for measuring apparatuses with which a plurality of 
samples can be investigated simultaneously. Another possible application consists in 
feeding the same sample into all the flow channels 2a, 2b and 2c, but carrying out 
different measurements in the different flow channels. 

A flow cell according to the invention that is functionally equivalent to the second 
embodiment shown in Fig. 7 can also be produced by constructing the partition walls 
between the flow channels 2a, 2b and 2c as parts of the cover plate 7. That means 
that, similarly to Fig. 1 , the base member 6 then has only one recess, and the partition 
walls are produced in the form of projections on the cover plate 7 in such a manner 
that when the base member 6 and the cover plate 7 have been joined together, they 
divide the recess in the base member 6 into a plurality of parallel flow channels. 

Fig. 8 shows the essential components of a further variant of the first embodiment of 
the flow cell according to the invention which, from the point of view of its functioning, 
is very similar to the second embodiment shown in Fig. 7. With that variant it is 
possible to produce in the flow channel 2 additional blocked volumes that assume the 
function of the partition walls in the second embodiment (Fig. 7). Means are provided 
for producing streams of sample flowing adjacent to one another, the streams of 
sample being separated from one another in each case by a blocked volume. 

In the variant shown in Fig. 8, those means comprise a plurality of supply channels 
31 1a, 312a, 313a for the sample and a plurality of supply channels 51 1a, 512a, 513a 
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for the reference fluid, which each extend from the associated inlet openings 301a. 
302a, 303a and 502a, 503a (the inlet opening of the supply channel designated 511a 
is not shown in Fig. 8) through the base member 6 to their respective mouths into the 
flow channel 2. With the exception of the supply channel designated 51 1a all the 
supply channels 31 1a, 312a, 313a, 512a, 513a are arranged in such a manner that, 
relative to the direction of flow of the sample in the flow channel 2, they open into the 
flow channel 2 adjacent to one another, and that a supply channel 512a, 513a for the 
reference fluid opens into the flow channel 2 between every two supply channels 
31 1a, 312a, 313a for the sample. In a manner analogous to that already explained 
hereinbefore (see, for example, Fig. 2 and Fig. 3), the supply channels 31 1a, 312a, 
313a, 512a, 513a open into the base 10 of the flow channel 2 at one of the ends of 
the flow channel 2. The supply channel designated 51 1 a for the reference fluid opens 
into the base 1 0 of the flow channel 2 at the opposite end of the flow channel 2. 
Analogously to the views in Fig. 2 and Fig. 3, the discharge channel 410a in turn 
opens into the base 10 of the flow channel 2 between the mouth of the supply 
channel 51 1a on the one hand and the mouths of the supply channels 31 1a, 312a, 
313a, 512a, 513a on the other. In Fig. 8 and Fig. 9, the mouth of the discharge 
channel 41 0a is given the reference numeral 420a. 

To aid understanding, Fig. 9 is a diagrammatic plan view of the base member of the 
variant shown in Fig. 8 in the operational state. Three samples, for example three 
different samples P1 , P2, P3, are introduced via the supply channels 31 1a, 312a, 
313a into the flow channel 2 of the flow cell and, as shown by the corresponding ' 
arrows, flow in the direction of the mouth 420a of the discharge channel 410a. 
Reference fluid R1 , R2 is introduced into the flow channel via the supply channels 
512a and 513a and flows parallel to and between the streams of sample, likewise in 
the direction of the mouth 420a of the discharge channel 410a, as shown by the 
corresponding arrows. Reference fluid R3 is likewise supplied via the supply channel 
51 1 a and flows counter to the sample streams P1 , P2, P3 and the reference fluid 
streams R1 , R2. The direction of that movement is also shown by a corresponding 
arrow. Injhatngnng^^ be produced between tn 

indiyidua^ P2, P3 in addition tTthTsample-free blocked ^lu^s 

bejweenj he mouth of the supply channe l 51 1a and the mouth 420a of the discharge 
channel 41 0a. Since, as already explained hereinbefore, under laminar flow 
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conditions the individual streams of fluid do not mix, the streams P1 , P2, P3 of sample 
flowing substantially parallel to one another are effectively separated from one 
another by the blocked volumes formed by the reference fluid streams R1 and R2, 
without the need for structural partitions in the flow channel 2. In that manner it is ' 
possible, as with the second embodiment shown in Fig. 7, to investigate a plurality of 
^samples simultaneously, ortoc arry out different measurements on the sample 
streams P1.P2.P3. Of course, the number of sample streams Pi , P2, P3 flowing 
adjacent to one another and separated from one another by blocked volumes in Fig. 9 
is intended purely as an example. It is possible without difficulty also to produce 
constructions in which fewer or more than three sample streams flow adjacent to one 
another through the flow channel 2 and are separated from one another in each case 
by a blocked volume formed by the reference fluid. 

Also possible are embodiments in which blocked volumes are produced by the 
streams of reference fluid only between the individual streams of sample flowing 
adjacent to one another, and the counter-flowing reference fluid is omitted. 

It will be understood that it is, of course, also possible to provide control apparatuses 
by means of which the flow rates of the sample streams P1 , P2, P3 and of the 
reference fluid streams R1 , R2 in the flow channel 2 ca n be regulated jndividually. 

Of course, it is also possible in the variant shown in Figures 8 and 9 for the base of 
the flow channel 2 to have a geometry other than the rectangular geometry shown. 
For example, the base of the flow channel 2 may be trapeziform in shape. In that 
manner, adjacent sample streams can be produced and at the same time the overall 
cross-section of all the sample streams can be reduced in size or enlarged along the 
direction of flow without the individual sample streams mixing with one another. 

A further variant of the first embodiment shown in Fig. 1 is shown in a diagrammatic 
sectional view in Fig. 10. Components that have the same or equivalent functions are 
given the same reference numerals in Fig. 1 0 as in Fig. 1 . The variant shown in Fig. 
10 differs from the embodiment shown in Fig. 1 in that there is provided between the 
supply channel 31 for the sample and the discharge channel 41 an additional supply 
channel 51c for the reference fluid which extends from its inlet opening 5c, through 
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the base member 6 and opens into the flow channel 2 between the mouth of the 
supply channel 31 for the sample and the mouth of the discharge channel 41 . 
Otherwise the variant shown in Fig. 10 corresponds substantially to the embodiment 
shown in Fig. 1. In Fig. 10 the operating state of that variant is indicated symbolically 
The sample P to be investigated is fed into the flow channel 2 via the supply channel 
31 and, as shown by the corresponding arrow, flows in the direction of the mouth of 
the discharge channel 41 . The reference fluid R is fed into the flow channel 2 via the 
supply channel 51 , flows in the flow channel, likewise as shown by the corresponding 
arrow, towards thesam^, meets thesample P in the region of the mouth of the 
discharge channel 41 and leaves the flow channel 2 together with, but substantially 
ujHnjxeo_with, the sample P v/athe discharge channeU l. Fx^^T^^T 
fluid is likewise fed into the flow channel 2 via the additional supply channel 51c, but 
flows through the flow channel 2 parallel to the sample P, as shown by a 
corresponding arrow, withj>yimk^^ leaves tne f|ow channe| 2 

^vjath^djscharge channel 41 . There is thus produced in addition to the sample-free 
blocked volume between the mouth of the supply channel 51 and the mouth of the 
discharge channel 41 a further sample-free blocked volume which lies between the 
mouth of the discharge channel 41 and the mouth of the additional supply channel 
51c and between the sample and the boundary surface of the base member 6 facing 
the flow channel 2. As a result, the sample does not occupy the whole of the depth T 
(Fig. 1 ) of the flow channel 2 between the mouth of the additional supply channel 51 c 
and the mouth of the discharge channel 41 , as shown in Fig. 1 o. That variant offers 
the additional advantage that the thickness of the flowing, layer of sam^nlhTfio^ 
channel 2 can be altered in a controlled manner, nam ely by regulating the flow rate s 
It is also possible with that variant of the flow cell according to the invention to 
produce extreme^Hii^^ jn a simp|e mannef by 

means of the blocked volume located above the sample (with respect to the view in 
. Fig. 10). 

It will be understood that the concept on which the variant shown in Fig. 10 is based 
can also be combined with other embodiments and variants of the flow cell according 
to the invention. In particular, embodiments of the flow cell according to the invention 
are possible which combine with one another the principles described with reference 
to the variants shown in Figs 8 and 9 and in Fia. 10. 
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The flow cell according to the invention thus has the advantage that in a flow channel 
having a base of any desired shape a sample-free blocked volume can be produced 
in any desired position. Since no structural partitions in the flow channel are required 
for that purpose, the flow cell is simple to manufacture and is thus suitable for 
economic mass production. The great flexibility of the flow cell in terms of its 
construction allows it to be used for a large number of applications; it is also especially 
suitable for integration into relatively complex systems of, for example, modular 
construction. Since the size, shape and position of the sample-free blocked volume in 
the flow cell according to the invention can be controlled, the volume of sample in the 
flow channel that is available for measurements can be optimised, which is of 
advantage especially for miniaturised measuring apparatuses. 

The present invention relates also to the sensor apparatus for analytical measure- 
ments on flowable samples into.which the flow cell according to the invention is 
integrated. That sensor apparatus is suitable** a large number of different chemical 
and physical investigations. Some examples are given hereinbefore. Fig. 1 1 is a 
highly diagrammatic representation of an embodiment of the sensor apparatus 
according to the invention. The flow cell according to the invention has again been 
given the reference numeral 1. The cover plate 7 of the flow cell 1 has on its surface 
facing the flow chann el 2 a detection layer 8 . The detection laypr a nan ho hr » ltgnt ^ 
into contact with a sample P flowing through the flow channel 2 and with a reference > 
fluid R which is likewise flowing through the flow channel. ^ 

The detect ion layer 8 c ontains recognition elements that are selectively sensitive to an 
analyte contained injhesampje P. Within the context of this invention, the term 
analyte describes a substance to be detected that may be contained in the flowable 
sample. Such analytes may be, for example, ions, gases or synthetic or biological 
compounds. The selectively sensitive recognition elements have the property of 
binding the analyte to themselves. Such recognition elements may be, for example, 
enzymes, antibodies, nucleotides, receptor proteins, transport proteins, chelators, 
indicators or synthetic affinity systems. Such detection layers containing selectively 
sensitive recognition elements having the property of binding to the analytes are 
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known per se and a large number of them are known, for example, from affinity 

sensing. 

The sensor apparatus according to the invention also comprises a source 100 for the 
reference fluid R which can be connected to the inlet opening 5 (in Fig, 1) m the 
embod,ment shown in Fig. 1 1 , the connection is made by means of a pipe 1 01 for the 
reference fluid. That pipe 101, one end of which opens into the source 100, extends 
through the inlet opening 5 (see Fig. 1) and the supply channel 51 (see Fig 1) to the 
flow channel 2 of the flow eel, 1 . The reference fluid R passes via the pipe 101 from 
the source 1 00 to the flow channel 2. The embodiment shown in Fig 1 1 a , so 
comprises a reservoir 1 10 for the sample P and a second pipe 1 1 1 , one end of which 
opens ,nto the reservoir 1 1 0. That second pipe 1 1 1 extends from the reservoir 110 
through the inlet opening 3 (see Fig. 1, and the Supp , y channel 31 (see Fig 1) for the 
sample P to the flow channel 2, with the result that the sample P is able to pass via 
the second pipe 1 1 1 out of the reservoir 1 10 and into the flow channel 2 The 
d-scharse channel 41 (see Fig. 1) is provided with an out.et pipe 121 which leads from 
the flow channel 2 into the space outside the flow cel. 1 , and through which the 
sample P and the reference fluid R are able to leave the flow channel 2. The three 
pipes 101, 111, 121 may, for example, be capillaries. The source 100 for the 
reference fluid R and the reservoir 1 10 for the sample P may be, for example 
synnges which serve as pumps for the sample P and the reference fluid R. Of course 
it «s also possible to provide other control apparatuses not shown by means of which ' 
the flow rates of the sample and of the reference fluid in the flow channel 2 can be 
regulated separately. The embodiment shown in Fig. 1 1 also has two detectors 200 
and 210 by means of which particles or waves emanating from the detection layer 8 
can be detected or which are capable of measuring chemical or physical variables of 
the detection layer 8. 

During operation, the sample P flows from the reservoir 1 10 through the second 
Pipe 1 1 1 and the flow channel 2, where it comes into contact with the detection layer 
8. The reference fluid R flows from the source 100 and the pipe 101 into the flow 
channel 2 where it flows towards to the sample P. The two fluids P, R meet in the flow 
channel 2 and leave that channel together via the outlet pipe 121 . Since the two fluids 
P. R do not mix in the flow channel 2, there exists in the flow channel 2 the blorw 
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volume which the sample cannp, enter. That is essemially .he volumes .he flow 
channel 2 that is occupied by the reference fluid R 

If the sample P contains me analyte , 0 ^ ^ ^ , ( ^ ^ 

w„h the detection layer 8 the analyte binds to .he recognition element sensitive to it in 
the detect™ layer 8. The analyte/recognition element interaction brings about 
physrca, or chemical changes in the detection iayer 8 which can be detected by 
means o, the detector 210. ,n the sensor apparatus shown in mis case, the detection 
layer 8 ,s so positioned that part of it is in contact with the sample-free blocked volume 
n the flow ohanne, 2. As a result, two regions can be distinguished on me detect 
fcyer 8 without the need for structural partitions: one region comes into contact with 
the sample P bu, no, with the reference fluid R, and the other region comes into 
contact with me reference fluid R but no, with the sample P. Since the reference fluid 

7 UreS th3t Condi,ions in «» »*» o, the detection ,ayer 8 with which i, is in 
comae, are constant. ,ha, region can serve as a reference surface which is used by 
me de, c, or m , 0 genera , e a reference 5|gna| Typ|c ^ ^ ^ ^ K 

210 detect the same physical or chemical measured variable, bu, the detector 200 
detects that originating from the reference surface and the detector 2,0 detects tha, 
creating from the region of the detection layer 8 over which the sample flows That 
has the great advantage that changes in the measured variable that result from the 
.nteracuon between ft. anaryte and the recognition element can be separated from 
undes„ed perturbing or background effecls. Tha, leads ,o greater accuracy and 
sensitivity of the sensor apparatus. 

I. is also advantageous for a sensor apparatus according to the invenUon to comprise 
a flow cell constructed in accordance with the variant shown in Fig. 8 and Fig 9 That 
apparatus can be used to investigate a plurality o, samples simultaneously, or to carry 
out a plurality of different measurements simultaneously. 

The variant of the flow eel, according to the invention shown in Fig .1 0 also offers 
farther advantages for a sensor apparatus according to the invention. Since very thin 
layersofsampie can be produc ed therewith in me flow cellj jhe sample can be 
ut,i,sed and investigated markedly more efficiently. When the layers o, sample on the 
a^ionjay^^ tnere „ , re ,a U vel^g h degree of probability^, 
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portions of the analyte to be detected will not come into contact with the detection 
layer 8 at all and as a result will not be detected. If the layer of sample is very thin, 
however, as can be achieved with the mentioned variant of the flow cell according to 
the invention, the probability that portions of the analyte will flow past the detection 

I layer 8 "unrecognised" is significantly reduced. The result is a marked reduction in the 

\ volume of sample required for the measurement. 

Some examples of the sensor apparatus according to the invention follow, in a list that 
is not exhaustive. In an electrochemical sensor apparatus, the interaction between 
analyte and recognition element releases electrons which are registered by the 
detector 210. At the same time, any background signal that may be present is 
determined by means of the reference surface and the detector 200. In another 
example, the pH value of the detection layer changes. In a calorimetric sensor 
apparatus, the temperature in the detection layer 8 changes as result of the contact 
between the analyte and the recognition element. In an optical sensor apparatus, the 
detection layer 8 is irradiated with light or another form of radiation. The measured 
variable is then light or radiation, for example fluorescence light, emanating from the 
detection layer 8. That light or that radiation is either modified, for example in its 
intensity, or caused by the binding of analyte and recognition element in the detection 
layer 8. 

The invention relates also to the optical detection device for analytical measurements 
on flowable samples into which the flow cell according to the invention is integrated, 
and especially the detection device for measuring luminescence excited in the 
evanescent field of a planar optical waveguide. Methods and devices for detecting 
luminescence excited in the evanescent field are known per se and therefore require 
no further explanation. They are used, for example, in affinity sensing and especially 
in the context of immunoassays. Although the optical detection device according to 
the invention preferably uses evanescent luminescence excitation, the invention is not 
limited to the use of that method, but can also be used for carrying out other optical 
measurements. 

Fig. 12 is a diagrammatic representation of an embodiment of the optical detection, 
device according to the invention designed specifically for evanescent luminescence 
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excitation, in addition to the flow cell according to the invention, which comprises the 
base member 6 and the cover plate 7, that embodiment has a light source 90 for 
emitting an excitation light which is shown symbolically by an excitation light beam AL. 
Also provided is a photoelectric detector 94 which receives light to be measured 
coming from the flow cell, represented symbolically by beams of light to be 
measured ML. The detection device additionally comprises a sourc e for the reference 
fluid which can be connected to the inle t opening SJ n the base member 6. For 
reasons of clarity, that source is not illustrated in Fig. 12. The source for the reference 
fluid and the connection thereof to the flow cell can be constructed, for example, 
analogously to the variant shown in Fig. 1 1 and the associated explanations relating 
to the sensor apparatus. Of course, control apparatuses for regulating the flow rates 
in the flow channel 2 can additionally be provided. 

In the embodiment of the optical detection apparatus according to the invention 
shown in Fig. 1 2, there is additionally located in the path of the beam of excitation 
light an optical filter 91 that allows the wavelength(s) of the excitation light to be 
selected. In the path of the beam between the flow cell and the photoelectric detector 
94 there is a lens 92 which collects and focuses the light to be measured coming from 
the flow cell, and a further optical filter 93 which serves to select the wavelength(s) of 
the light to be measured that falls on the photoelectric detector 94. Since, usually, the 
light to be measured, being luminescence light, has a different wavelength from the 
excitation light that produces the luminescence, the optical filter 93 can be used to 
reduce the intensity of undesired scattered light, and this has an advantageous effect 
on the accuracy of the measurement. The light source 90 is preferably a laser or a 
laser diode. 

In that embodiment (Fig. 12) the cover plate 7 of the flow cell according to the 
invention comprises a transparent substrate 71 to the surface of which on the flow- 
channel side a planar optical waveguide 72 is applied in the form of a layer. On that 
optical waveguide, a detection layer 8a is arranged in such a manner that it faces the 
flow channel 2 and that during operation of the detection device it can come into 
contact with the sample in the flow channel 2. The detection layer 8a contains 
immobilised, selectively sensitive recognition elements for analytes contained in the 
sample, in a manner analogous to that described hereinbefore for the sensor 
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apparatus according to the invention. The optical waveguide 72 also contains a 
coupling-in grating 73 for coupling the excitation light coming from the light source 90 
mto the planar optical waveguide 72. Such planar optical waveguides 72 having a 
coupling-in grating 73 that are located on the substrate 71 and methods for the 
production thereof are known perse and are described, for example, in 
EP-A-533 074. There may be used as the material for the substrate 71 , for example 
glass, quartz or plastics, for example polycarbonate. The material must be transparent 
at least at the wavelengths of the excitation light and of the light to be measured The 
optical waveguide can be produced, for example, from inorganic materials, especially 
metal oxides, such as Ti0 2 or Ta 2 O s . 

The flowable sample is fed into the flow channel 2 via the inlet opening 3 and the 
supply channel 31 of the flow cell according to the invention, for examp.e as described 
herembefore for the sensor apparatus. The sample flows through the flow channel 2 
and in the process comes into contact with the detection layer 8a. The reference fluid 
flows out of the source, through the inlet opening 5 and the supply channel 51 and 
mto the flow channel 2 and, in the latter, flows towards the sample. In the region of 
the mouth of the discharge channel 41 , the two fluid streams meet and leave the flow 
channel 2 together, but substantially unmixed, via the discharge channel 41 and the 
outlet opening 4. 

The excitation light coming from the light source is coupled by means of the coupling- 
«n grating 73 into the planar optical waveguide 72, is confined by the latter and thus 
produces the evanescent field in which the detection layer 8a is located. The 
evanescent field is able to excite luminescence in the detection layer 8a. The spatially 
.sotropically radiated portion of the luminescence light radiated by the detection 
layer 8a passes, at least in part, in the form of light to be measured to the 
photoelectric detector, which converts the light to be measured into a measurement 
signal which is available for further processing and evaluation. While the sample is in 
contact with the detection layer 8a, the analyte to be detected, if it is present in the 
sample, binds to the immobilised recognition element that is sensitive to it. As a result 
of that binding of the analyte to the recognition element, either the detection layer 8a 
becomes capable of luminescence for the first time (if. for example, the analyte is 
luminescence-labelled) or else the luminescence light of the detection lav^ 
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for example as regards its intensity. That change in the luminescence excited in the 
evanescent field, or the occurrence of such luminescence, is registered by the 
photoelectric detector 94. 

According to the invention, in the embodiment of the optical detection device shown in 
Fig. 1 2, the coupling-in grating 73 for the excitation light is positioned in such a 
manner that it is located in the region of the sample-free blocked volume of the flow 
channel 2. As a result, during operation of the detection device only the_reference_^ 
fluicUnd not the sample, f lows over the couplina-in gra ting?* Th^samrjiejs/ 
theref ore kept away from the coupling-in oratino 73 w ithout the need for structural 
partitions in the flow channel 2 which would come into contact with the surface of the 
optical waveguide 72. That measure is advantageous for several reasons. Since only 
the reference fluid flows over the coupling-in grating 73, the optical conditions in the 
region of the coupling-in grating 73 are constant. In particular, deposits from the 
sample on the coupling-in grating 73 and hence changes in the effective refractive 
index of the coupling-in grating 73 and also variations in the refractive index in the 
region of the coupling-in grating 73 are avoided, as are variations in the coupling 
angle through which the excitation light is diffracted during the coupling-in. As a result, 
the coupled-in light intensity is markedly more stable over time and hence the strength 
of the evanescent field is considerably more constant. A further consequence is a 
reduction in undesired background signals and in the coupling thereof into the optical 
waveguide 72. Since the sample is unable to enter the region of the coupling-in 
grating 73, there is a marked reduction in the luminescence excitation in the analyte 
that is excited by that portion of the excitation light that is scattered into the flow 
channel 2 by the coupling-in grating and is not coupled into the optical waveguide 72 
(reduction in the so-called "bulk signal"). As a result, the light to be measured 
originates practically only from the luminescence excited in the evanescent field. 
Those effects increase the measurement accuracy and the sensitivity of the detection 
device. Since no structural partitions are required in the flow channel 2 in order to 
keep the sample away from the coupling-in grating 73, perturbing influences on the 
propagation of light in the optical waveguide, for example undesired coupling-out of 
light, and especially on its evanescent field, are avoided. 
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ln a variant of the embodiment of the optical detection apparatus according to the 
invention, there is also provided in the optical waveguide 72 a cbupling-out grating 
which is located on the side of the detection layer 8a opposite the coupling-in 
grating 73 and by means of which light can be coupled out of the optical waveguide. 
In that case, therefore, the detection layer 8a is located between the coupling-in 
grating and the coupling-out grating on the optical waveguide 72. Some of the 
luminescence light emitted by the detection layer 8a is coupled back into the optical 
waveguide 72. That portion is confined by the optical waveguide 72 and coupled out 
of the optical waveguide by means of the coupling-out grating, and passes as light to 
be measured to a further photoelectric detector. It is thus possible to measure both 
the spatially isotropically radiated portion of the luminescence light emitted by the 
detection layer 8a and the luminescence light coupled back into the optical 
waveguide. It is, of course, also possible to measure the coupled-back luminescence 
only. Alternatively, in that variant the optical detection device may also comprise a 
flow cell according to the invention and described hereinbefore which can be used to 
produce more than one blocked volume in the flow channel. That brings with it, for 
example, the advantage that the coupling-out grating can also be positioned in a 
sample-free blocked volume. 

As already mentioned, the optical detection apparatus according to the invention is 
not limited to embodiments that make use of luminescence excitation in the 
evanescent field of an optical waveguide. The detection device can be designed, for 
example, in such a manner that it contains a flow cell according to the invention 
without the detection layer 8a, or the light source 90 for transmitting the excitation light 
that irradiates the flow cell directly, or the photoelectric detector 94 for the light to be 
measured coming from the flow cell, or the source for the reference fluid, which can 
be connected to the inlet opening 5. An embodiment of that design is suitable, for 
example, for detecting as light to be measured the light that is absorbed, transmitted 
or reflected by the sample in the flow channel 2 or that is emitted by luminescence 
excitation, in order to derive therefrom information relating to the composition of the 
sample, or to analyse the properties, especially the optical properties, of the sample. 
According to the invention, the sample flows only through a portion of the flow 
channel 2 and only the reference fluid flows through the sample-free blocked volume 
of the flow channel. That has the advantage that the sample-free blocked volume can 
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be used to generate a reference signal by means of which perturbing effects, such as 
variations in the intensity of the excitation light, can be recognised. 

Of course, all the variants and embodiments of the flow cell according to the invention 
described hereinbefore and appropriate combinations thereof can be used for the 
optical detection device according to the invention and for the sensor apparatus 
according to the invention. A list of some examples, which is not exhaustive, is given 
below. 

The cuboid shape of the flow channel 2 shown in Fig. 12 is shown here too by way of 
example. The comments made hereinbefore in connection with the form of the flow 
channel and the position, size and shape of the sample-free blocked volume or 
volumes apply mutatis mutandis both to the optical detection device according to the 
invention and to the sensor apparatus according to the invention. 

For example, the optical detection device or the sensor apparatus may contain a 
plurality of flow channels, especially flow channels that are parallel or that diverge 
from one another in a star-shape. Suitable for that purpose is a flow cell according to 
the embodiment shown in Fig. 7 or according to the embodiment shown in Fig. 8 and 
Fig. 9. The detection layer and the optical waveguide are in that case contained in the 
cover plate 7, on the flow-channel side. In that arrangement it is possible to provide 
another detection layer in each of the flow channels 2a, 2b and 2c (Fig. 7) or to 
provide a single detection layer that comes into contact with all the flow channels. 
Likewise, the cover plate may comprise a single optical waveguide that extends over 
all the flow channels, or the cover plate may contain a plurality of spatially separate 
optical waveguides in the form of strips, each of which comes into optical contact with 
only one flow channel. That measure makes it possible to investigate one sample 
using different detection layers, or to investigate different samples simultaneously with 
the same detection layer. 

When a flow cell having a plurality of flow channels, for example parallel flow 
channels or flow channels that diverge from one another in a star-shape, is used, the 
above-mentioned influence of structural partitions that come into contact with the 
surface of the optical waveguide on the light-guiding in the optical waveguide, which 
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influence is adverse perse, can also be used to advantage to reduce the propagation 
of light transversely to the direction of flow by means of the structural partitions 
between the individual flow channels. By the selection of materials having a suitable 
refractive index, that propagation of light can even be almost totally suppressed. The 
individual flow channels are in practice optically "decoupled" as a result. It is then 
possible, using a detection device comprising a single optical waveguide and a single 
detection layer that extend over all of the flow channels, to carry out a plurality of 
measurements simultaneously without the measurements carried out in different flow 
channels having any significant effect on each other. The suppression of the light- 
guiding transversely to the direction of flow of the sample is of course advantageous 
also when a plurality of spatially separate optical waveguides, arranged, for example, 
in the form of strips, are provided in the cover plate. 

A flow cell according to the variant shown in Fig. 6 can be used, for example, for an 
optical detection device or a sensor apparatus in which a plurality of spatially separate 
detection layers are arranged one after another in the flow channel. Of course, the 
last two examples mentioned can also be combined to form a flow cell containing a 
plurality of flow channels each of which can contain a plurality of detection layers; 

Also especially suitable for the simultaneous investigation of different samples is the 
variant of the flow cell according to the invention shown in Fig. 8 and Fig. 9 in which 
the "partition walls" between the streams of sample are provided by blocked volumes 
produced by the reference fluid. That embodiment has the additional advantage that 
the blocked volumes functioning as "partition walls" are variable and those "partition 
walls" can thus be displaced by regulating the flow rates. In that manner, flow patterns 
can be produced in the flow channel and varied during the investigation. For example, 
it is possible during the investigation to stop altogether one or two of the streams of 
sample P1 . P 2 and P3 indicated in Fig. 9 and simultaneously to increase the flow 
rates of the adjacent streams. That increase is effected especially advantageously 
first of all by keeping the overall flow rate of the streams P1 , P2, P3, R1 and R2 
through the flow channel 2 constant and secondly by keeping the sum of the flow rate 
of the stream that has been stopped and the flow rates of the two adjacent streams 
constant. If, for example, the flow rate of the sample stream P2 (Fig. 9) is reduced 
from 1 00 % to 0 %. the flow rates of the two adjacent streams of reference fluid R1 
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and R2 are each increased from 100% to 150%. The fact that it is possible to alter the 
flow pattern has the advantage that using a single detection layer spatially resolved 
signals can be obtained. The reference fluid used for producing the blocked volumes 
between the streams of sample, and hence for producing and altering the flow pattern 
in the flow channel can be, for example, a light-absorbing fluid. The reference fluid 
chosen may be, for example, one that is inert towards the detection layer. 

Fig. 13 shows yet another embodiment of the flow cell according to the invention that 
is suitable especially for an optical detection device that utilises luminescence excited 
in the evanescent field. For reasons of clarity, Fig. 13 does not show the inlet and 
outlet openings or the supply and discharge channels. That embodiment has only one 
flow channel 2 which is formed by the recess in the base member 6. The cover plate 7 
comprises the transparent substrate 71 , and on the side thereof facing the flow 
channel 2 a plurality of spatially separate parallel planar optical waveguides 721 , 722 
and 723 arranged as strips. Using the optical detection device according to the 
invention, which contains a flow cell of the type shown in Fig. 13, different measure- 
ments can be carried out simultaneously on one sample. That can represent a 
considerable saving in time as compared with measurements carried out in 
succession on the same sample. 

Likewise especially suitable for an optical detection device which utilises 
luminescence excited in the evanescent field is a flow cell according to the invention 
that corresponds to the variant shown in Fig. 10. With that flow cell, for example, the 
layer of sample can be made so thin that substantially all of it is in the evanescent 
field. In addition to the advantages already described, that has the advantage that the 
non-evanescently excited luminescence is markedly reduced. 
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What is claimed is: 



1. A flow cell having in its interior a flow channel (2) for a sample, and being provided 
with an inlet opening (3) for the sample and an outlet opening (4; 4a; 4b), wherein 
means are provided for producing a sample-free blocked volume located in the flow 
channel (2). 

2. A flow cell according to claim 1 , wherein the means for producing the sample-free 
blocked volume comprise a further inlet opening (5) for feeding a reference fluid into 
the flow channel (2), the mentioned inlet opening (5) being so positioned that the 
reference fluid flows counter to the sample in the flow channel (2). 

3. A flow cell according to any one of the preceding claims, which has a base 
member (6) one boundary surface of which has a recess that forms the flow channel 
(2) for the sample, and a cover plate (7) that can be connected to the base member 
(6) in such a manner that it covers the flow channel (2). 

4. A flow cell according to claim 3, wherein the inlet openings (3, 5) and the outlet 
opening (4; 4a; 4b) are provided in the boundary surface of the base member (6) that 
is opposite the boundary surface that has the recess, and wherein from each inlet 
opening (3, 5) and from the outlet opening (4; 4a; 4b) a supply channel (31,51; 31a, 
51a) or a discharge channel (41; 41a; 41b), respectively, extends through the base ' 
member (6) to the flow channel (2) and opens info the latter, the mouth (42; 42a; 42b) 
of the discharge channel (41; 41a; 41b) being arranged between the mouths (32, 52; 
32a) of the supply channels (31, 51; 31a, 51a). 

5. A flow cell according to claim 4, wherein an additional supply channel (51c) for the 
reference fluid is provided which extends from an associated inlet opening (5c) 
through the base member (6) and opens into the flow channel (2) between the mouths 
of the supply channel (31; 31a) for the sample and the discharge channel (41; 41a- 
41b). 

6. A flow cell according to any one of the preceding claims, wherein the flow 
channel (2) has a substantially rectangular base (10) and is preferably cuboid. 
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7. A flow cell according to claim 6, wherein the mouths (32, 52; 32a) of the supply 
channels (31, 51; 31a, 51a) are arranged on the two shorter sides of the rectangle of 
the base (1 0) of the flow channel (2). 

8. A flow cell according to claim 7, wherein the supply channel (31a) for the sample is 
constructed in such a manner that from the inlet opening (3) for the sample to the 
plane of the base (10) of the flow channel (2) it is cylindrical in form and its mouth 
(32a) then widens in that plane to the width (B) of the flow channel (2). 

9. A flow cell according to either claim 7 or claim 8, wherein the mouth (42a) of the 
discharge channel (41a) into the flow channel (2) has three branches, the ends of 
which on the flow-channel side are in the form of openings arranged on a line parallel 
to the shorter side of the rectangle of the base (1 0) of the flow channel (2), and the 
other ends of which unite again in the base member (6) to form the discharge channel 
(41a). 

10. A flow cell according to either claim 7 or claim 8, wherein the mouth (42b) of the 
discharge channel (41b) into the flow channel (2) is in the form of a slot parallel to the 
shorter side of the rectangle of the base (10) of the flow channel (2), the length of the 
slot decreasing as the distance from the flow channel (2) increases and the slot thus 
merging with the discharge channel (41 b). 

1 1 . A flow cell according to any one of claims 6 to 10, wherein the flow channel (2) 
has a depth (T) of from 1 urn to 10 mm, especially from 10 urn to 1 mm. 



1 2. A flow cell according to any one of claims 6 to 1 1 , wherein the flow channel (2) 
has a width (B) of from 1 jim to 10 cm, especially from 10 urn to 10 mm. 

13. A flow cell according to any one of claims 6 to 12, wherein the flow channel (2) 
has a length (L) of from 1 mm to 1 0 cm, especially from 3 mm to 40 mm. 
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1 4 A flow cell according to any one of the preceding claims, which contains a plurality 
of flow channels (2a, 2b, 2c) which are especially parallel. 

15. A flow cell according to any one of the preceding claims, wherein means for 
produang streams of sample flowing adjacent to one another are provided the 
streams of sample being separated from one another in each case by a blocked 
volume. 

16. A sensor apparatus for analytical measurements on flowable samp.es (P). having 
a detection layer (8) with which the sampie (P> can come into contact and which 
further, contains selectively sensitive recogniBon elements for an analyte which ' 
sense, apparatus comprises a flow cell (1) according to any one of claims 2 to 15 and 
m.wh,ch sensor apparatus one of the boundary surfaces of the flow channel (2) 
comprises the detection .ayer (8). and, further, a source (,00) for me reference 

fluw J iS Pr ° VWed °" bS C ° nneCted '° me in ' e ' ° penin 9 ,or *• 

1 7. An optical detection device for analytical measurements on flowable samples 
comprising a flow cell for the sample, a light source (90, for emitting excitation light 
«* eradiates the flow cell, and a photometric detector (94, fo, light to be measured 
commg from the flowcell, wherein the flow ce,l is constructed in accordance with any 
cne of claims 2 to ,5 and, further, a source for the reference fluid is provided which 
can be connected to the inlet opening (5) for the reference fluid. 

18. A detection device according to claim 1 7, wherein in the path of the beam 
between the light source (90) and the flow cell a filter (91) for me selection of the 
wavelength or the wavelength range of the excitation light is provided. 

19. A detection device according to either claim 1 7 or claim ,8, wherein in the path of 
the beam between the flow cell and the photoelectric detector (94) a filter (93, for the 
select™ of the wavelength or the wavelength range of the light to be measured is 

provided. 
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20. A detection device according to any one of claims 1 7 to 1 9, wherein the light 
source (90) is a laser or a laser diode. 

21. A detection device according to any one of claims 17 to 20, wherein the cover 
plate (7) has on its side facing the flow channel (2) a detection layer (8a) which 
contains immobilised, selectively sensitive recognition elements for analytes contained 
•n the sample and with which the S amp.e in the flow channel (2) can come into contact 
during operation of the detection device. 

22. A detection device according to any one of claims 1 7 to 21 , wherein the cover 
plate (7) comprises a transparent substrate (71) to the boundary surface of which 
facing the flow channel (2) a planar optica, waveguide (72) is applied, and the cover 
plate (7) also comprises a coupling-in grating (73) which couples the excitation light 
coming from the light source (90) into the optical waveguide (72). 

23. A detection device according to claim 22, wherein the cover plate (7) comprises a 
couplmg-out grating that couples light out of the optical waveguide (72). 

24. A detection device according to either claim 22 or claim 23, wherein the cover 
plate (7) contains a plurality of planar optical waveguides (721,722,723) which are 
especially parallel. 

25. A detection device according to either claim 22 or claim 23, wherein the cover 
plate (7) comprises a single optical waveguide that covers all of the flow channels. 

26. A method of carrying out analytical measurements on flowable samples in which 
the sample is introduced through an inlet opening into a flow channel contained in a 
flow cell, flows through the flow channel and is discharged through an outlet opening 
.n which method physical or chemical changes in a detection layer of the flow channel 
are brought about by an analyte contained in the sample and in which method those 
changes are detected by a detector, which method comprises introducing a reference 
fluid through a further inlet opening into the flow cell where it flows in such a manner, 
especially counter to the sample, that the sample is kept away from a blocked volume 
of the flow channel. 
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27. A method of carrying ou, optical anaiytica, measurements on flowable samples in 
whrch the sample is introduced through an inla, opening into a flow channe, contained 
■n a flow cell, flows through the flow channel and is discharged through an outlet - . 
opening, in which method the flow cell is irradiated « excitation light and in which 
method, further, light to be measured coming from the flow cell is detected photo- 
electrical,),, which method comprises introducing a reference fluid through a further 
mle. opening into the flow eel, where ft flows in such a manner. especia„y counter to 
the samp,e, that the sample is kept away from a blocked volume of the.flow channel. 

28. A method according to either claim 26 or claim 27. wherein the sample and the 
reference fluid are discharged together, bu, substantia,* unmixed, through the outlet 
opening of the flow cell. 

29. A method according to either claim 27 or claim 28. wherein the excitation Ugh. is ' 
coupled by means of a coupling-in grating in the region of the blocked volume of tte 
flow channe, into a planar optica, waveguide and is confined by the latter, and wherein 
he sample ,n the flow channel is brought into contact with that optical waveguide 
lumrnescent substances in the sample or luminescent recognition elements ' 
rmmobilised on the optical waveguide being excited to luminescence in the 
evanescent ft*, of the optica, waveguide, and tha, tumescence being detected as 
light to be measured. 

30^A method according to claim 29, wherein both the spatiaUy isotropically radiated 
port,on of the luminescence light and the luminescence light coupied back into the 
optical waveguide are detected as light to be measured. 
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